INTRODUCTION
Although parasitic nematodes can exist without 02 over extended periods, in situ they experience a low and fluctuating 02 supply (Smith, 1969; Atkinson, 1980) . The intestinal lumen, with its 02 gradient from the mucosal lining to the centre of the lumen, provides a habitat that will provide both the smaller more aerobic worms (e.g. Nippostrongylus brasiliensis; Lee, 1965; Paget et al., 1987a) and the very large more anaerobic types (e.g. Ascaridia galli ; Paget et al., 1988) with quite specific microenvironments that differ in terms of 02 availability. A comparison of electron transport in mitochondria isolated from both kinds of worm indicated that, whereas 70 % of the respiratory 02 consumption by N. brasiliensis mitochondria proceeded via a mammalian-like pathway terminating in cytochrome aa3, only 10 % of electron flux was by this route in A. galli muscle mitochondria . In A. galli the gut+ reproductive tissues found deep within the worm do have mitochondria, but the proportion of the total respiration mediated by an antimycin A-and cyanide-sensitive electron-transport chain was a mere 2 %, even lower than that found for organelles;from muscle. It has been repeatedly asserted (e.g. Barrett, 1981) that the cytochrome aa3-independent pathway of electron transport in nematodes may involve the CO-reacting b-type cytochrome designated 'cytochrome o' (Castor & Chance, 1955 , 1959 Chance, 1961) , by analogy with similar cytochromes of bacteria. Thus such a cytochrome accounted for 70 % of the total cytochromes b of N. brasiliensis mitochondria and almost 75 % and 81 % respectively of those of A. galli muscle and gut + reproductive-tissue mitochondria . It is often assumed that any CO-reacting cytochrome (which will therefore also bind 02) will be capable of fulfilling a role as terminal oxidase: this is a necessary but not sufficient criterion, as any demonstration of a cytochrome as a terminal oxidase must include kinetic and photochemical action data (Lloyd, 1974; Lloyd & Edwards, 1977) . It should be recognized, however, that in photochemical action spectra the photodissociation of CO from a component of electron transport other than the terminal oxidase could result in the relief of CO-inhibited respiration. Observations that H202 production appears to occur at two distinct sites in A. galli muscle mitochondria but only at a single site in gut+reproductive-tissue mitochondria (Paget et al., 1988) suggest that the terminal oxidase step of a cyanide-insensitive respiratory chain was one site of H202 generation in both types of mitochondria (Paget et al., 1988 (Paget et al., 1987a (Paget et al., ,b, 1988 .
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Isolation of mitochondria-enriched fractions Isolation of mitochondria and details of assay and isolation media were as reported by with minor modifications described by Paget et al. (1987a Paget et al. ( ,b, 1988 . Analytical methods Cytochrome spectra were obtained at room temperature in a Hitachi-Perkin-Elmer model 557 scanning spectrophotometer operating in the split-beam mode.
Protein was measured by using a Bio-Rad protein assay kit with y-globulin (Bio-Rad Laboratories) as a protein standard. Samples were diluted to give an absorbance between 0.2 and 0.4 at 595 nm after 15 min at 20 'C. Photochemical action spectra Methods employed for obtaining photochemical action spectra for the release of CO-inhibited respiration have been described previously , 1987 . Briefly, continuous read-out of dissolved 02 in stirred samples of intact worms under CO/b2 gas mixtures in a reactor open for gas flow enables measurement of increased respiration on illumination. A liquid dye laser, excited by an argon ion laser, uses Rhodamine 6G or Rhodamine 110 to provide a tunable high-intensity source of emission with narrow spectral band-width. Special features of determinations with nematodes were slow stirring (750 rev./min) and a temperature (32°C) lower than that encountered physiologically.
RESULTS

Cytochrome spectra of mitochondria-enriched fractions
Results from room-temperature and CO difference spectra of mitochondria-enriched fractions of N. brasiliensis and A. galli are summarized in Table 1 . These results confirm those obtained by Fry et al. (1983) , and show that mitochondria isolated from N. brasiliensis and A. galli muscle tissues possess CO-reactive a-and b-type cytochromes. However, mitochondria isolated from A. galli gut and reproductive tissues only contain COreactive b-type cytochromes. Photochemical action spectra for relief of CO inhibition of respiration of whole worms Photochemical action spectra for the reversal of COinhibited respiration in suspensions of whole nematode worms were obtained to determine if any of the COreacting haemoproteins detected in difference spectra could function as terminal oxidases. Fig. 1(a) shows that illumination of N. brasiliensis under a gas phase of CO/02 (18: 1) with monochromatic light at 547 or 585 nm gave stimulation of respiration that was proportional to the laser output up to 35 mW. Whole N. brasiliensis, poised at an 02 concentration around 24 /SM, showed maxima in action spectra ( Fig.  1 b) at 598 and 543 nm, corresponding to the CO complex of cytochrome aa3, and at 567 nm, corresponding to the CO complex of the b-type cytochrome. Photochemical action spectrum for the reversal of COinhibited respiration in whole A. galli Fig. 2 shows the power saturation curve and photochemical action spectrum for whole A. galli poised at an 02 concentration around 40/uM; maxima were observed at 598 and 542 nm, corresponding to the CO complex of cytochrome aa3, and at 567 nm for a b-type cytochrome. The a-absorption maximum for the CO-liganded cytochrome b was 4-fold higher than that of cytochrome aa3.
DISCUSSION
Stoichiometries of cytochromes in mitochondria from N. brasiliensis and A. galli muscle and gut + reproductive tissue indicate a descending rank order with respect to the relative content of cytochrome aa3, and this agrees with previous cytochemical observations (Fry & Beesley, 1985) . It also matches those percentages of total electron flux supported by antimycin A-sensitive pathways (70, 10 and 2 0 respectively). In Ascaris lubricoides muscle mitochondria cytochrome c oxidase activity is 500-fold lower than in rat liver mitochondria (Kohler & Bachmann, 1980; , and only very small amounts of cytochrome oxidase subunits were found (Kohler, 1982) . Even though it has been suggested previously that at least some of the respiration not involving cytochrome aa3 may be mediated by a haemoprotein oxidase of the cytochrome b-type, evidence for functional competence has never been obtained. Furthermore similar conclusions for mitochondria obtained from lower eukaryotes, which have cyanide-insensitive respiratory chains and CO-reacting haemoproteins, have not proven positive when the criteria of photochemical action spectra and kinetic competence have been applied (Lloyd & Edwards, 1977) . Thus for Acanthamoeba castellanii the sole detectable functional haemoprotein oxidase present was cytochrome aa3 (Scott & Lloyd, 1983a) , even though other CO-reacting species were detected in difference spectra (Lloyd et al., 1982) . Similar results from Tetrahymena pyriformis (Lloyd et al., 1982; Unitt et al., 1983) , Crithidia fasciculata , Leishmania tarentolae and Saccharomyces uvarum clearly indicated that CO-reacting b-type cytochromes cannot be assumed to be functional terminal oxidases.
In nematodes the assumption already widely held that cytochrome o acts as an alternative oxidase (Barrett, 1981) although caution should be exercised in accepting claims for other worms, e.g. the parasite Ascaris (Kmetec & Bueding, 1961; Cheah & Chance, 1970; Hayashi & Terada, 1973; Cheah, 1976) and the free-living Aphelenchus avenae (Mendis & Evans, 1984) . In both worms studied here the b-type cytochrome that reacts rapidly with CO may justifiably be termed cytochrome o, and-its CO complex probably accounts for the 567 nm maximum observed both in CO difference spectra and in photochemical action spectra alongside maxima assignable to cytochrome aa,,. The slower reaction with CO may accompany cytochrome b denaturation (Edwards & Lloyd, 1980) , but in any case is unlikely to represent a functional oxidase. The function of mitochondria, especially in those regions of large nematodes where 02 concentration will be at best very low, is open to debate. Energy generation would not appear to be paramount in tissues where electron transport is almost all channeled through a bypass of the phosphorylating chain; it seems likely that the maintenance of the redox balance becomes more important. It is also possible that some function of mitochondria (e.g. ion fluxes) is more important. Some free-living organisms that encounter S2 in their natural environments show cyanide-insensitive respiration as a mechanism whereby electron transport may occur in S2--blocked mitochondria (Lloyd et al., , 1981 ; this could also be the case in gut-dwelling nematodes, where H2S occurs in situ (Atkinson, 1980) . In A. galli incomplete inhibition by combined application of salicylhydroxamic acid plus antimycin A shows that more than one alternative pathway is present (Paget et al., 1988) . Stoichiometry of H202 production to 02 consumption also suggests that more than one alternative oxidase is present. The data reported here show that only two haemoprotein oxidases are functional. The identity of a non-haemoprotein terminal oxidase remains to be elucidated.
